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Adenovirus type 7h is currently the predominant virulent genome type of serotype 7 isolated in Argentina, Chile, and
Uruguay in association with severe infantile pneumonia. In order to characterize possible molecular determinants of pathoge-
nicity, the nucleotide sequence of a 5904-bp fragment (76 to 93 mu) containing the entire E3 region and the fiber gene of
Ad7h was established. The organization of the ORFs within the E3 region was similar to that reported for the prototype
strains of Ad7 and Ad3. A comparison of the nucleotide and amino acid sequences of all ORFs revealed a higher homology
between Ad7h and Ad7p than between Ad7h and Ad3 for 12.0K and 16.1K, whereas the 15.3K ORF and the adjacent fiber
gene were strikingly more homologous to those of Ad3 (99.5 vs 81.1% and 98.2 vs 66.6%, respectively). The equivalent to
ORF 7.7K in Ad7p was missing in Ad7h due to a deletion and a mutation affecting the start codon (ATG r ATT). Although
the hemagglutinin of the Ad7h fiber could not be characterized due to its lack of activity on monkey erythrocytes, our results
indicate that Ad7h is an intermediate strain 7-3. q 1996 Academic Press, Inc.
Among the adenovirus serotypes more frequently iso- America in association with severe acute lower respira-
tory infections of children (10, 11) and sporadic cases oflated from cases of respiratory disease, the members of
subgenus B:1 and especially Ad7 have been associated conjunctivitis (A. Kajon, unpublished observations).
A possible higher pathogenicity of certain genomewith the most severe clinical presentations (1). Like in all
other serotypes investigated, an important intraserotypic types of Ad7 has been suggested (12) but no conclusive
evidence has yet emerged to substantiate this possibility.genetic variability has been revealed by restriction en-
zyme analysis of the viral genome. The early region E3 of human adenoviruses encodes
a set of proteins that can modulate several componentsSince the isolation of prototype strain Gomen in 1958,
several genome types of Ad7 have been described and of the immune response and therefore control important
pathogenesis mechanisms in vivo (reviewed in 13). Sev-their worldwide distribution reported (2–4). Different ge-
nomic variants have been shown to predominate in differ- eral reports have shown that subtypes of adenovirus dif-
ent geographic areas. During the last decade, Ad7b has fering in their E3 region or fiber sequences exhibit differ-
been the predominant genome type of serotype 7 circu- ent degrees of virulence (14, 15), host range (16), and
lating in Australia, Europe, Brazil, and North America; tropisms (17, 18). Hermiston and colleagues (19) have
Ad7c has been detected in South Africa, Ad7d in China, recently shown that the gp19K of Ad7 is highly conserved
and Ad7f in the former Soviet Union (2–6). The genomic among different genome types but the existence of vari-
analysis of strains collected over an extended period of ability along the other ORFs of the E3 region has not
time has revealed that shifts from one genome type of been investigated.
Ad7 to another have taken place in several areas (2, 5) With the aim of studying the possible molecular basis
although the molecular basis of the observed substitu- for the observed virulence of Ad7h and for its outgrowth
tions are not known. to a prevalent and predominant virulent type in the south
Ad7h is currently the predominant virulent genome cone of South America, the sequences of the E3 region
type of serotype 7 in Argentina, Chile, and Uruguay where and the fiber gene were determined and compared to the
it has circulated almost as the sole genomic variant of corresponding regions of other subgenus B serotypes.
serotype 7 since 1986 after substituting for genome type Ad7h (strain 87–922, isolated in Argentina in 1987 from
7c (7). This recently characterized genome type (8, 9) has a fatal case of pneumonia) and Ad7p (Gomen) were prop-
been isolated so far only in the south cone of South agated in A-549 cells. Viral DNA was extracted from in-
fected monolayers by the method described by Shina-
gawa et al. (20). A series of overlapping restriction frag-1 To whom correspondence and reprint requests should be ad-
dressed. Fax: /46 90 12 99 05. ments lying between 70.3 map units (KpnI) and 97.4 map
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FIG. 1. Organization of the E3 region of Ad7h. Open reading frames that correspond to ORFs reported for Ad3 (27, 31) and Ad7p (26) are shown
as rectangles with the corresponding molecular weights of the encoded polypeptides. Arrows indicate restriction sites along the sequenced fragment.
units (SmaI) of the Ad7h genome (8) were cloned into that encodes a polypeptide of 7.7 kDa in Ad7p and a
polypeptide of 9.0 kDa in Ad3.the corresponding sites of pUC18 using standard recom-
binant DNA techniques (21). The KpnI–EcoRI fragment The sequenced fragments of both Ad7h and Ad7p con-
tain a 308-bp sequence upstream of the TATA motif thatlying between 70.3 and 85.4 mu of the Ad7p genome
was also cloned in pUC18. DNA was prepared from re- constitutes the promoter element of early region E3. As
shown in Fig. 2, several sequences previously shown tocombinant clones by a modification of the alkaline lysis
procedure (22) using the Qiagen tip-100 kit (Diagen Inc.). be binding sites for transcription factors such as SP 1,
AP 1, NF 1, ATF, NF-kb and TFIID (28–30), were identi-Sequencing of double-stranded DNA was performed by
the dideoxynucleotide chain termination method (23) us- fied. Only four base mismatches (at positions 068, 069,
095, and 0155) were found between the two genomeing the AutoRead kit (Pharmacia) with fluorescein-la-
beled M13 universal and reverse primers and a series of types.
The nucleotide and predicted amino acid sequencescustom made internal primers labeled with fluorescein-
15.dATP (Pharmacia) and designed in order to determine for all ORFs identified in the E3 region and the fiber gene
of Ad7h were compared with the corresponding regionssequences from both strands. The reaction products
were analyzed in an automated laser fluorescent (ALF) of Ad3 (27, 31) and Ad7p (26; this paper) as shown in
Table 1. The overall homology among the three types issequencing system (Pharmacia). Sequence analysis was
carried out using the Genetics Computer Group (GCG) high. However, a detailed analysis of the percentages of
identity at each individual ORF indicates a higher relativesequence analysis software package version 7.2 (24) and
Lasergene software (DNASTAR, Inc., Madison, WI). Se- homology between Ad7h and Ad7p than between Ad7h
and Ad3 for 12.0K and 16.1K. The subsequent two ORFsquences were aligned and compared using Clustal (25).
To further characterize the fiber of Ad7h, hemaggluti- (gp 19.2K and 20.1K) show a high degree of conservation
among the three types. The predicted amino acid se-nation assays were performed using both crude virus
material (supernatants from freeze-thawed infected cells) quence for gp19.2K of Ad7h shares 98.8% identity with
those of Ad7p and Ad3. Our results differ slightly fromand purified virions prepared by a discontinuous CsCl
gradient as described by Mei and Wadell (17). those reported by Hermiston et al. (19). A valine (GTG)
was detected in position 7 in both Ad7p and Ad7h insteadThe nucleotide sequence of a 5904-bp fragment lying
between 76 and 93 mu and containing the entire E3 of the leucine (CTG) found by these authors. Only two
amino acid mismatches were found between Ad7h andregion and the fiber gene of Ad7h was established
(EMBL Data base accession No. Z48954). A fragment of Ad7p, an Ala to Val substitution at position 137 and a
Lys to Glu substitution at position 166.2416 bp containing the lefthand end of the E3 region of
Ad7p (Gomen) was also sequenced (EMBL Data base Comparisons of sequences corresponding to ORF 20.1
kDa show the same percentage of identity between Ad7hAccession No. Z48953).
The organization of the ORFs in the sequenced Ad7h and Ad7p as between Ad7h and Ad3 (99.3% at the nucleo-
tide level and 98.3% at the amino acid level). Surprisingly,fragment (Fig. 1) reveals a high degree of homology with
the corresponding regions in the genomes of Ad7p (26) ORF 20.5 kDa of Ad7h shares a higher homology with
Ad3 than with Ad7p.and Ad3 (27). A striking feature, however, is the absence
of the open reading frame between ORFs 20.5K and 10.3K The Ad7h sequence from nucleotides 2960 to 3452 is
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FIG. 2. Nucleotide sequence of the E3 promoter region in genome types 7h (above) and 7p (below) showing consensus binding motifs for
transcriptional factors AP1, ATF, NF1, NFk-b, and TFIID (taken from Refs. 28–30).
shown aligned with the corresponding sequences of sponding amino acid sequences are shown in Fig. 3B.
Ad7p and Ad3 in Fig. 3A. In this region which contains Interestingly, it is at this level that one of the most im-
ORF 7.7K in Ad7p and 9.0K in Ad3, a deletion is evident portant differences between the E3 regions of Ad7 and
in the Ad7h genome. Moreover, the start codon for the Ad3 have been found (26). The ATTAAA polyadenylation
latter ORFs is replaced in Ad7h by the sequence ATT so signal for termination of the E3A family of mRNAs present
that even although there is some degree of conservation, in both Ad2 and Ad5 (32, 33) was not observed in the
the analogous protein cannot be expressed. The corre- analogous regions of the Ad3, Ad7p, or Ad7h genomes.
The 10.3-kDa ORF of Ad7h is identical in amino acid
sequence to that of Ad3 and Ad7p. The 15.2-kDa ORF is
TABLE 1
again relatively more homologous between 7h and 7p
Comparison of Nucleotide and Predicted Amino Acid Sequences of than between 7h and 3.
E3 ORFs and Fiber between Ad7h, Ad7p (Gomen), and Ad3
The nucleotide sequence homology between the 15.3K
ORF of Ad7h and those of Ad7p and Ad3 are 81.1 andNucleotide sequence identity (%)
99.5%, respectively. The corresponding amino acid se-
ORF 7h/7p 7h/3 7p/3 quence homologies are 86.7 and 99.3%. The fiber gene
of Ad7h shows 66.6% nucleotide homology with that of
12.0K 99.1 97.5 97.8
Ad7p and 98.2% nucleotide homology with Ad3. The cor-16.1K 99.5 96.6 96.4
responding amino acid sequences were aligned asgp 19.2K 99.0 99.0 98.5
20.1K 99.3 99.3 98.9 shown in Fig. 4. The fiber polypeptides of both Ad7h and
20.5K 97.2 98.9 97.9 Ad3 are 319 amino acids long and show a homology of
10.3K 99.6 99.3 98.9
96.9%. The three potential glycosylation sites identified15.2K 98.5 98.5 98.5
along the Ad3 fiber (31) are also present in Ad7h. The15.3K 81.1 99.5 80.6
Fiber 66.6 98.2 66.4 fiber polypeptide of Ad7p has 325 amino acids and is
only around 59% homologous with that of either type.
Predicted amino acid sequence identity (%) There are 10 mismatches between the fiber polypeptide
sequences of Ad7h and Ad3, 8 of which would be pre-12.0K 99.1 (105/106) 98.1 (104/106) 99.1 (105/106)
16.1K 99.3 (145/146) 95.9 (140/146) 96.6 (141/146) dicted to be located in the knob.
gp 19.2K 98.8 (170/172) 98.8 (170/172) 98.8 (170/172) It was not possible to obtain information about the
20.1K 98.3 (176/179) 98.3 (176/179) 97.8 (175/179)
hemagglutinin of the Ad7h fiber due to the absence of20.5K 94.7 (179/189) 97.9 (185/189) 96.8 (184/189)
hemagglutinating activity when either crude preparations10.3K 100 (91/91) 100 (91/91) 100 (91/91)
15.2K 98.5 (132/134) 97.0 (130/134) 98.5 (132/134) of virus or purified virions were tested on monkey erythro-
15.3K 86.7 (118/136) 99.3 (135/136) 86.0 (117/136) cytes. However, the analysis of the relative homologies
Fiber 58.9 (188/319) 96.9 (309/319) 59.2 (189/319) of all ORFs encoded in the sequenced fragment with the
corresponding regions in the genomes of the prototypeNote. The proportion of identical amino acids to the total number of
amino acids compared is shown between brackets. strains of Ad7 and Ad3 strongly indicate that this genome
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FIG. 4. Alignment between the Ad7h, Ad3, and Ad7p fiber proteins. Arches indicate potential glycosylation sites and asterisks denote mismatches
between Ad7h and Ad3.
type is an intermediate strain 7-3 resulting from an in- strains which are assumed to be the parental genomes
for the purpose of the analysis.tertypic recombination event involving DNA variants of
serotypes 7 and 3. The fiber polypeptide of Ad7h is clearly an Ad3-like
fiber sequence. Eight of the 10 mismatches detectedRecombination is an important mechanism of evolution
of adenoviruses (34) and recombinants have been shown between the amino acid sequence of the fiber of Ad7h
and that of the closely related Ad3 are located in theto be the result of more than one cross-over event oc-
curring randomly along the viral genome (35). Serologi- knob region, responsible for the interaction with the cell
receptor (42). X-ray crystallography studies (43) have re-cally intermediate strains exhibiting antigenic determi-
nants of one serotype in the hexon protein and of another vealed the localization of the exposed b-sheet portions
in the trimeric structure of the Ad5 knob. The alignmentin the fiber have been shown to be common among
subgenus D field isolates (36, 37) but have also been of available sequences of several adenovirus fiber poly-
peptides also predicted similar secondary structures fordescribed for subgenus B members (38–40). Recombina-
tion has been shown to be possible between closely the knob domains of other adenovirus serotypes. Many
of the sequence differences between the fiber knobs ofrelated types and evidence has been produced that
crossover sites are confined to regions of relatively high Ad7h/Ad3 and Ad7p were detected in regions shown by
these studies to constitute surface b-sheets and loops.DNA homology (41).
No sequences other than those of the prototype strains Variability in these areas could be expected to account
for the serological differences between serotype 3 andused in this study are available for the E3 regions of
genomic variants of serotypes 3 and 7. Therefore, all 7 fibers. In contrast, 5 of the 10 mismatches found be-
tween the fiber polypeptides of Ad7h and Ad3 are locatedspeculations are based on comparisons with these two
FIG. 3. Alignment of sequences corresponding to the 7.7K/9.0K ORFs and flanking regions. (A) Nucleotide sequences; (B) amino acid sequences.
Stars indicate the start codons for ORFs 7.7K/9.0K and 10.3K.
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in a region that would be predicted to form part of the Strains corresponding to genome type 7h have circu-
lated for more than 10 years in the south cone of Southhydrophobic core of the structure.
Recently, Mei and Wadell (44) reported localization of America and have predominated over other genome
types of both Ad3 and Ad7 (7). This suggests an adaptivethe hemagglutinating domain in the knob region of the
Ad11p fiber between amino acids 260 and 280. However, advantage of the new array of genes at the 3* end of the
viral genome. The loss of the 7.7K ORF, probably oc-although it is very likely that some of the mismatches
detected between Ad7h and Ad3 might account for the curring as a result of a cross over event, clearly does
not compromise the viability of Ad7h but might have hadloss of hemagglutinating activity observed in the former
type, only one (Thr instead of Met at position 272) was an effect on its pathogenicity and capacity to spread and
cause disease in the susceptible population. As regardsfound to be located in the analogous region.
The E3 regions of Ad7p and Ad3 are highly homolo- the 15.3K ORF product, it is possible that the observed
differences between the polypeptides of Ad7p and Ad7h/gous and contain several regions that would be suitable
sites for homologous recombination. Long tracts exhib- Ad3 might alter the functionality of the protein since mu-
tations within the 14.7K polypeptide gene of Ad5 haveiting 100% identity at the nucleotide level were found
along all ORFs with the exception of 15.3K. Interestingly, been shown to affect its capacity to inhibit cytolysis by
TNF (51). Changes in the receptor binding domain shouldanother region where these two types exhibit 100% ho-
mology was found 35 nucleotides downstream of the be expected to have an effect on the interaction between
the fiber and the target cell and possibly on the pathoge-polyadenylation signal at the 3* end of the fiber gene. The
largest difference between Ad7h and Ad7p was found in nicity of the strain as well.
In a recent essay, Mayr (52) pictured virus genomesthe region coding for the 7.7K ORF and along the 15.3K
ORF and fiber gene. In contrast, the only region where as balanced adaptive complexes, whose integrity is fa-
vored by natural selection. He suggested that evolution-Ad7h markedly differs from Ad3 is that coding for the
9.0K ORF. The analogous gene of both Ad2 and Ad5 is ary change is due to the need for coadaptation with other
molecules with which they have to interact. The E3 regionexpressed in infected cells (45), yielding a polypeptide
of 11.6 and 10.5 kDa, respectively. Although some infor- of the viral genome encodes a variety of gene products
that counteract immunosurveillance (13) and might there-mation about its role in facilitating lysis of infected cells
late in the infectious process is now available (A. Tollef- fore represent an important target for natural selection.
The currently available information shows that al-son, personal communication), it is difficult to speculate
on the function of this ORF in members of subgenus though there is an overall high degree of conservation
in the organization of the E3 region among the adenovi-B:1. It has been shown that Ad3 and Ad7p share a high
nucleotide homology in this region although the pre- ruses, the different groups of human and animal types
seem to possess unique distinctive features characteriz-dicted polypeptides differ in size (77 and 66 amino acids,
respectively). However, no substantial homology was ing this early transcription unit (14, 27, 47, 53–55). It is
therefore very likely that different pathogenic effects arefound between the 9.0-kDa product of Ad3 and the analo-
gous 11.6-kDa product of Ad2 (27). Moreover, the highest the result of differences in the way adenoviruses interact
with the host’s immune system.homology between these two polypeptides lies in the C-
terminal portion of the sequence in a segment that is
deleted in Ad7p (26). The equivalent of this ORF was ACKNOWLEDGMENTS
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